Examining the global environmental impact of regional consumption activities -
Part 1: A technical note on combining input-output and ecological footprint
analysis by Turner, Karen et al.
Turner K, Lenzen M, Wiedmann T & Barrett J (2007) Examining 
the global environmental impact of regional consumption 
activities - Part 1: A technical note on combining input-output 
and ecological footprint analysis, Ecological Economics, 62 (1), 
pp. 37-44. 
 
This is the peer reviewed version of this article 
 
 
 
 
 
 
 
 
 
 
 
 
NOTICE: this is the author’s version of a work that was accepted for publication in Ecological Economics. 
Changes resulting from the publishing process, such as peer review, editing, corrections, structural formatting, 
and other quality control mechanisms may not be reflected in this document. Changes may have been made to 
this work since it was submitted for publication. A definitive version was subsequently published in Ecological 
Economics, [VOL 62, ISSUE 1, (2007)] DOI http://dx.doi.org/10.1016/j.ecolecon.2006.12.002  
 
 Page 1 
Accepted for publication in Ecological Economics;  1 
suggested area: ‘Methodological and Ideological Options’ 2 
 3 
 4 
Examining the Global Environmental Impact of Regional 5 
Consumption Activities –  6 
Part 1: A Technical Note on Combining Input-Output 7 
and Ecological Footprint Analysis 8 
 9 
By 10 
 11 
Karen Turner
a*
, Manfred Lenzen
b
, Thomas Wiedmann
c 
, John Barrett
c
 12 
 13 
a.  Department of Economics, University of Strathclyde, Scotland, G4 OGE, UK  14 
b.  ISA, School of Physics, A28, The University of Sydney NSW 2006, Australia 15 
c.  Stockholm Environment Institute, University of York, Heslington, York, YO10 5DD, 16 
UK.  17 
*  Corresponding author. E-mail: karen.turner@strath.ac.uk. Telephone: 44(0)141 548 18 
3864. Fax: 44(0)141 548 4445. 19 
20 
 Page 2 
Abstract 1 
In recent years there have been a number of attempts to develop a more comprehensive 2 
approach to the issue of measuring resource use and/or pollution generation embodied in 3 
trade flows, including contributions that combine input-output techniques and Ecological 4 
Footprint analysis. In this two-part paper we describe how to enumerate the resource 5 
and/or pollution content of inter-regional and inter-national trade flows (Part 1) and we 6 
present a literature review of recent methodological and empirical developments (Part 2). 7 
It is straightforward in principle to extend the basic input-output approach to capture 8 
international trade flows. However, in practice, problems of data availability and 9 
compatibility, and of computability of extended input-output matrices, mean that 10 
simplifying assumptions are generally applied, but with the implications of these 11 
assumptions often not made fully explicit. What appears to be absent from previous 12 
applications is an account of the analytical method by which Ecological Footprints should 13 
ideally be estimated in an international input-output accounting analysis. This allows an 14 
explicit analysis of the problems that prevent the application of the full method and 15 
identification of the most appropriate short-cut methods in a transparent way. The 16 
objective of this paper is to provide such an account.  17 
 18 
 19 
Keywords: Ecological Footprint, input-output analysis, multi-region input-output models, 20 
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1. Introduction 1 
1.1.  Ecological Footprints 2 
The Ecological Footprint, as introduced by Wackernagel and Rees (1996), measures 3 
human demand on bioproductivity by assessing how much biologically productive land 4 
and sea area is necessary to maintain the consumption of a given human population. The 5 
calculation of Ecological Footprints starts from the consumption of resources in terms of 6 
mass units and transforms this mass into land appropriation in a second step (Monfreda et 7 
al., 2004). A considerable share of the Footprint consists of the notional forest area that 8 
would be required to absorb carbon dioxide emitted from the combustion of fossil fuels. 9 
The total land appropriation derived in this way can then be compared to available 10 
biocapacity, also expressed in land and sea areas. If global demand exceeds global supply 11 
of biologically productive area, this indicates an ‘overshoot’ situation in terms of a 12 
shortfall of bioproductivity needed for human purposes.  13 
National Footprint Accounts (NFA) are generated annually by the Global Footprint 14 
Network for most countries of the world (GFN, 2005; WWF, 2006). They account for the 15 
consumption of land by the countries’ residents wherever this land might be located. The 16 
Footprint associated with products imported from foreign countries, for example, is fully 17 
added to the consumers’ Footprint account. Therefore, the concept of Ecological 18 
Footprint analysis strictly follows the principle of consumer responsibility
1
, a term 19 
introduced in the context of discussions on greenhouse gas accounting (Munksgaard and 20 
Pederson, 2001). 21 
This principle is in contrast to the producer responsibility principle
2
, which is the basis of 22 
the Kyoto Protocol. Here, only territorial greenhouse gas emissions of a nation are 23 
accounted for; the emission embodiments of trade are not taken into account (Task Force 24 
on National Greenhouse Gas Inventories, 1996). Accordingly, many national greenhouse 25 
gas policies are aimed at reducing domestic greenhouse gas emissions and, in the Kyoto 26 
Protocol, national reduction goals based on a previous level of domestic emissions are 27 
used as a benchmark for success and compliance. But the consumption of imported goods 28 
and services, in some countries amplified by the relocation of domestic production abroad 29 
                                                 
1
  Also called ‘consumption (accounting) principle’. 
2
  Also called ‘production (accounting) principle’. 
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and subsequent import substitution, gives rise to environmental impacts in other places 1 
around the world and this calls for the consideration of greenhouse gas embodiments in 2 
international trade flows and their correct accounting. 3 
As a consequence, an extensive discussion on the allocation of greenhouse gas emissions 4 
is conducted in the literature (e.g. Wyckoff and Roop, 1994; Kondo et al., 1998; 5 
Munskgaard and Pedersen, 2001; Ferng, 2003; Bastianoni et al., 2004; Sánchez-Chóliz 6 
and Duarte, 2004; Mongelli et al., 2005; Hoekstra and Janssen, 2006). In parallel to this 7 
discussion there is a development of models that are able to account for pollution 8 
embodied in trade. Recently, a range of multi-region input-output models has been 9 
described in the literature, a review of which is provided in Part 2 of this paper 10 
(Wiedmann et al., resubmitted). 11 
In its current state the method to generate National Footprint Accounts (Monfreda et al., 12 
2004; Wackernagel et al., 2005) can only provide a rough estimate of land appropriation 13 
associated with the trading of goods. Using FAOSTAT data (FAO, 2005) on domestic 14 
production, imports, exports and yields for a number of primary and secondary products 15 
from agriculture, forestry and fisheries, the accounts estimate the apparent net 16 
consumption of a nation and the associated appropriation of land. The national energy 17 
Footprint is calculated via CO2 emissions data from IEA
3
 or CDIAC
4
. For the trade 18 
balance of manufactured products, embodied energy data from disparate sources are used 19 
to convert their quantities into energy equivalents. These values are then assigned CO2 20 
equivalents and subsequently energy Footprints. 21 
Recent improvements of the NFA feature the exhaustive use of global trade data from UN 22 
Comtrade (2005) in SITC classification on a 4-digit level and improved embodied energy 23 
data for over 600 commodities (Wackernagel et al., 2005). While the method is practical 24 
for computing the apparent resource consumption of 150 countries in the world, there are 25 
still fundamental shortcomings in the methodology
5
: 26 
 For domestically produced bio-products national conversion efficiency factors are 27 
used to calculate the Footprint, whereas average global conversion efficiency factors 28 
are used for imports. The Footprint of exported products from biological resources is 29 
                                                 
3
  International Energy Agency, Paris, France 
4
  Carbon Dioxide Information Analysis Center, Oak Ridge, Tennessee, USA 
5
  See also Wiedmann and Lenzen, 2007. 
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weighted in proportion to the amount of products imported and produced domestically 1 
and their respective conversion factors. 2 
 Manufactured products have the same embodied energy regardless of the country of 3 
manufacture, i.e. the same energy intensities for imports and exports are used and they 4 
are the same for each country. For the conversion into energy Footprints via embodied 5 
CO2 emissions, world average carbon dioxide intensity is used for all imports, whereas 6 
for exports of manufactured products the average carbon dioxide intensity of the 7 
exporting economy is used, reflecting the national fuel mix for energy production. 8 
 Imports and exports of services are not included in the NFA analysis. This means that 9 
any direct and indirect resource use and/or pollution embodied in trade flows of 10 
services are not accounted for.  11 
More generally, since only the total imports and exports from and to the rest of the world 12 
are listed for each country and thus no trade supply chains are identified, no distinction 13 
can be made as to where or how the imported products are produced. Hence, no account 14 
is taken for differences in production technology in trading partners, or, specifically, the 15 
direct and indirect Footprint intensity of trade flows of goods and services (with trade in 16 
the latter, and associated Footprints, neglected all together). 17 
 18 
1.2. The application of environmental input-output techniques 19 
Given that the focus of the Ecological Footprint is to capture the total (direct plus 20 
indirect) resource use embodied in final consumption in an economy, input-output would 21 
seem to be the ideal accounting framework. Input-output analysis is based around a set of 22 
sectorally disaggregated economic accounts, where inputs to each industrial sector, and 23 
the subsequent uses of the output of those sectors, are separately identified. The primary 24 
function of input-output analysis is to quantify the interdependence of different activities 25 
within the economy. It uses straightforward mathematical routines to track all direct, 26 
indirect and, where appropriate, induced, resource use embodied within consumption 27 
(Leontief, 1970, Miller and Blair, 1985). Input-output tables are generally constructed in 28 
monetary units for national accounting purposes. However, Leontief’s (1970) initial 29 
environmental exposition was in physical units. This is an empirical issue (see for 30 
example Allan et al, 2007; Lenzen and Murray, 2001; Hubacek and Giljum, 2003; Minx 31 
et al., 2006; Weisz and Duchin, 2006); the analytical arguments do not differ.  32 
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In this paper (Part 1 of 2) we review documented applications of input-output methods to 1 
estimate Ecological Footprints and provide an account of the analytical method by which 2 
Ecological Footprints should ideally be estimated in an international input-output 3 
framework. We argue that multi-region input-output (MRIO) analysis is the appropriate 4 
method to allocate resource and/or pollution embodiments of consumption correctly and 5 
that it could ultimately be used to calculate national accounts of Ecological Footprints, 6 
following the consumer responsibility principle.  7 
2. The basic environmental input-output method 8 
The central input equation (see Leontief, 1970, Miller and Blair, 1985) is  9 
[1]  
-1
x = I - A y  10 
where x is an N×1 vector of gross outputs with elements xi, where  i = 1,…,N, for  each 11 
economic sector i, y is an N×1 vector of final demands with elements yi.  A is the direct 12 
requirements (or input-output coefficients) matrix with elements aij (where j=1,…M and 13 
M = N), describing the amount of intermediate demand of output from domestic sector i 14 
used by domestic sector j, per unit of output xj from sector j.  
1
 L I A  is the N×N 15 
Leontief inverse with elements ijb describing the amount of output generated in each 16 
sector i per unit of final demand for the output of sector j.  17 
Total resource use (or pollution generation
6
) in production is determined as 18 
[2] 
x
f =Ωx  19 
where f
x
 is a K×1 vector, with elements 
x
kf , where k  = 1,…,K, representing the total use 20 
of resource k generated by all production activities in the economy.   is a K×N matrix 21 
where element ,k i  is the average use of resource k  per unit of gross output in sector i.  22 
                                                 
6
  See McGregor et al (2004a). 
 Page 7 
Then the standard input-output attribution (Leontief, 1970; Miller and Blair, 1985) can be 1 
employed so that equation [1] is extended to 2 
[3]  
-1y
f = Ω I -A y  3 
where f
y
 is a K×1 vector, with element y
kf  being the total use of resource k  directly or 4 
indirectly required to satisfy total final demand, y, in the economy.  5 
If final demanders also directly use resources, [3] would be extended for final demand as 6 
[3a]  
-1y* x y
f = Ω I -A y +Ω y  7 
where we distinguish the KxN matrix of resource use coefficients for the N production 8 
sectors, now relabelled xΩ , from a K×Z matrix, yΩ , where each Kx1 column within has 9 
elements  k,z as the average direct use of resource k  per unit of expenditure by final 10 
demand group z.
7
 For simplicity we abstract from this extension in the current exposition 11 
but, as shown in [3] and [3a], it is straightforward to introduce this element where 12 
appropriate. 13 
Note that, in the closed or world economy example, it is the case that f
x
 = f
y
, so that all 14 
resource use in production can be attributed to final consumption demand for the outputs 15 
of that production.  16 
 17 
3. Applications of the basic environmental input-output 18 
method to Ecological Footprints and attempts to 19 
extend to the open economy case 20 
In recent years there have been a number of contributions to the literature attempting to 21 
use input-output techniques to calculate Ecological Footprints (Bicknell et al., 1998; 22 
                                                 
7
  Examples for resource use occurring directly in households are the energy used during the 
combustion of household and car fuels  or land occupied by a residential building. 
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Ferng, 2001; Ferng, 2002; Lenzen and Murray, 2001; McDonald and Patterson, 2003 and 1 
2004; Lenzen et al., 2005; Wiedmann et al., 2006) or similar indicators (Eder and 2 
Narodoslawsky, 1999; Proops et al., 1999; Hubacek and Giljum, 2003; Sánchez-Chóliz 3 
and Duarte, 2004). 4 
Applying the input-output method to an Ecological Footprint basically involves 5 
populating the matrix   of resource use coefficients with a set of Ecological Footprint 6 
coefficients. That is, a KxN matrix of direct Footprint coefficients 

XΩ= f .x -1 is 7 
established with elements /k,i k,i if x   for each economic sector i, for example by 8 
disaggregating an existing Ecological Footprint account for the production in a country. 9 
Then a calculation of the form shown in [3] is used to estimate what types of final 10 
consumption directly or indirectly give rise to the pre-existing Footprint estimate. Such 11 
an approach is described in Wiedmann et al (2006) who reconcile the National Footprint 12 
Account of the UK – in terms of bioproductivity – with the UK economic National 13 
Accounts. Their method has been applied empirically to calculate the Ecological 14 
Footprint of local authorities, regions and devolved countries in the UK (Barrett et al., 15 
2005; WWF-UK, 2006) as well as of UK socio-economic groups (Birch et al., 2004). 16 
Other studies attempt to calculate the Ecological Footprint using other metrics: Bicknell 17 
et al (1998) were the first to present an application of input-output analysis to estimate an 18 
Ecological Footprint for New Zealand, where   is a matrix of land-use coefficients. The 19 
main critique of their work (see for example Lenzen and Murray, 2001, McGregor et al, 20 
2004a) is that Bicknell et al (1998) use a closed-economy framework where imports are 21 
exogenously given and the direct and indirect land-use coefficients of these imports are 22 
assumed to be identical to those in New Zealand.  23 
In closed-economy input-output studies on CO2 and other quantities (Schaeffer and Leal 24 
de Sá 1996, Hayami and Kiji 1997, Lenzen 1998, Hayami et al. 1999, Machado et al. 25 
2001; see also Wiedmann et al, submitted) this assumption is usually implemented by 26 
adding the imports coefficients matrix A
m
 to the domestic direct requirements matrix, 27 
which we now distinguish as A
d
, so that the modified total requirements coefficients are 28 
 [4]   [ I – (Am + Ad) ]-1 29 
where   is the same for all trading nations that directly or indirectly produce the goods 30 
and services that are imported to the country studied. Whether domestic multipliers are 31 
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under- or overestimated through this assumption depends on whether land inputs per unit 1 
of output are higher or lower in the trading partners’ territories. As some of the examples 2 
in the literature review (Part 2 of this paper, Wiedmann et al., submitted) show, resource 3 
use and pollution intensities per industrial sector can vary substantially between different 4 
countries. One extreme example quoted by Peters and Hertwich (2006a) is that CO2 5 
emission intensity for electricity production in China (generated mainly by coal power 6 
plants) is 231 times higher than for Norway (generated mainly by hydro power). 7 
Similarly, in the case of direct resource-use and pollution intensities, Turner (2006) 8 
demonstrates the potential information loss when proxy measures of   are used. In the 9 
case of standard economic multiplier analysis, with respect to the importance of region- 10 
and/or country-specific A-matrices, a number of studies have been conducted in the 11 
regional literature (see, for example Isserman, 1980; Harrigan et al, 1980a, 1980b; Round, 12 
1983; Richardson, 1985; Flegg et al, 1995 and McCann and Dewhurst, 1998) focusing on 13 
how economic input-output relationships differ across even small regional economies 14 
within the same national economy.  15 
The Bicknell et al (1998) approach of assuming New Zealand production structure 16 
applies in the rest of the world would seem particularly unrealistic: if a proxy must be 17 
used it would seem more valid to use information from an economy that is large relative 18 
to the rest of the world (the US, for example). However, Bicknell et al (1998) are not 19 
alone in making this type of assumption: for example, in a review of alternative methods 20 
the Office for National Statistics in the UK (2002) recommend, albeit with caution, a 21 
similar approach in the case of greenhouse gas emissions embodied in imports to the UK 22 
(see McGregor et al., 2004a, 2004b). 23 
In another modification of the metric, Lenzen and Murray (2001) employ an input–output 24 
framework in terms of land disturbance, where land use coefficients are weighted by land 25 
condition, or impact on land. These authors model the open economy by internalising 26 
current as well as capital imports into intermediate demand. The multipliers of 27 
domestically produced commodities and imports are still identical. The same imports 28 
assumption is applied in a comparative bioproductivity-based Footprint study of the 29 
Australian State of Victoria (Lenzen et al., 2005), which aimed at reconciling differences 30 
between the manual accounting practices of the Global Footprint Network, and input-31 
output accounting. 32 
Ferng (2001) identifies another shortcoming in Bicknell et al.’s (1998) estimation 33 
procedure and suggests corrections in the methodology. Instead of a land multiplier 34 
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vector, Ferng uses a land multiplier composition matrix, distinguishing land types by 1 
sectors and demonstrates that significantly different results are obtained by the two 2 
methods. Ferng (2002) also improves the methodology for the energy component of the 3 
Footprint by using a standard input-output approach for the calculation of embodied 4 
energy. In this framework imports to intermediate and final demand are considered 5 
separately but still with the assumption that the exporting countries have the same 6 
producing technology as the domestic economy. Also, no distinction is made for the 7 
origins of the intermediate inputs used by the producing sectors in those exporting 8 
countries (Ferng, 2002). 9 
Bicknell et al.’s methodology has been developed further by McDonald and Patterson 10 
(2003 and 2004) in a sub-national input-output framework that explicitly models the land 11 
appropriation of 16 regions in New Zealand, including the embodied Footprints of 12 
regional imports and exports. Another application based on input-output analysis is 13 
described in a recent study by McDonald et al. (2006) that quantifies patterns of resource 14 
use and waste generation (‘ecofootprints’) of different age groups in New Zealand. In 15 
both cases however, the same single-region assumption as in the approach of Bicknell et 16 
al. (1998) is adopted, i.e. it is assumed that products imported from overseas have exactly 17 
the same embodied impact-per-$ ratio as products made in New Zealand. 18 
The single-region assumption, albeit an improvement compared to the NFA method, 19 
needs to be challenged for setting up an accurate Footprint account for consumption, 20 
because the inclusion of land use and emissions associated with imports from all over the 21 
world exceeds the national boundaries of input-output tables. 22 
A methodologically sound respond to this challenge is to extend the basic multi-sectoral 23 
single region input-output framework to the inter-regional case and to employ a multi-24 
region input-output (MRIO) model ideally covering all trading partners of the country 25 
under investigation. A few studies comparing single versus multi-region input-output 26 
models of energy and CO2 (e.g. Proops et al, 1999; Lenzen et al, 2004) have already 27 
demonstrated that multipliers and embodiments can differ substantially, thus warranting 28 
the extension to many regions. The MRIO model is discussed in the next section. 29 
 30 
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4. Theory of a multi-region input-output method for the 1 
Ecological Footprint 2 
Given their widespread application (see Part 2 of this paper, Wiedmann et al., submitted), 3 
MRIO models would constitute obvious improvements of the Footprint method. In this 4 
section we provide an exposition of the extension of the basic single-region framework in 5 
equations [1] to [3] to the multi-region case, and to explicitly identify the key practical 6 
problems that are likely to arise and what the most appropriate solutions may be.  7 
For the purpose of simplicity, the following exposition (derived from McGregor et al., 8 
2004a and Miller and Blair, 1985) is given in terms of a 2-region world. However, it is 9 
straightforward to extend to the multiple region case (see Allan et al, 2004). In [1] we 10 
identified the key equation determining the Nx1 vector of output x in the single region 11 
input-output framework. We take this as region 1 in a 2-region world and separate the 12 
element y (final demand) into local final demand in region 1 of commodities produced in 13 
region 1 (y11) and export demand in region 2 for region 1 commodities (y12). Similarly for 14 
region 2, final demand for region 2 commodities is split into export demand in region 1 15 
(y21) and local demand in region 2 (y22). We have   16 
[7] 
    
    
    
-1
11 12 11 1211 12
21 22 21 2221 22
x x y yI - A -A
=
x x y y-A I - A
 17 
where elements 
rs
ija  of the N×J  submatrices rsA  show the transactions between sector i 18 
in producing region r and using sector j in consuming region s, per unit of output of 19 
sector j in region s . The partitioned matrix (I – A)-1 is the inter-regional Leontief inverse, 20 
breaking down the gross output multiplier for each sector in each region into gross 21 
outputs that are induced by domestic and by foreign final demand. In other words, by 22 
having partitioned the A-matrix for each region into local and imported intermediate 23 
consumption, and the y vector for each region into domestic and traded final demand, we 24 
can determine the level of inter-regional spillovers in terms of how activity in one region 25 
drives activity in the other. 26 
Of course, the activity we are interested in here is resource use. Just as we extended the 27 
basis economic framework in equation [3] for the single region case, we simply introduce 28 
a (K×N) matrix of coefficients  x, showing the direct resource-use intensity of output in 29 
each production sector i for each region: 30 
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 [8] 
      
      
     
 
 
 
-1
y y x
11 1211 12 1 11 12
y y x
21 2221 22 2 21 22
x x x x
1 11 11 1 12 21 1 11 12 1 12 22
x x x x
2 21 11 2 22 21 2 21 12 2 22 22
y yf f Ω 0 I - A -A
=
y yf f 0 Ω -A I - A
Ω L y +Ω L y Ω L y +Ω L y
=
Ω L y +Ω L y Ω L y +Ω L y
 1 
where y
11
f  is a Kx1 vector of the amount of resources that are used in production activities 2 
in region 1 to support region 1 final demand, while y
21
f   is the amount of resources used 3 
in region 2 production to support region 1 final demand. The sum of these, in a 2-region 4 
world, will give us the Ecological Footprint for region 1 final demand:
8
 5 
 [9] y y y
1 11 21
f = f +f  6 
And the Ecological Footprint of region 2 is equal to  7 
[10] 
y y y
2 22 12
f = f +f  8 
Similarly if we extend to the N-region case, this will simply involve summing down a 9 
column with an additional N-2 entries for each additional region. For example 
y
1
f  would 10 
become 11 
[11]  
y y y y
1 11 21 n1
f = f +f + ...+ f  12 
 13 
                                                 
8
 As mentioned above, the direct resource use by final consumers is omitted here for simplicity. 
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5. Practical issues for the application of the inter-1 
regional framework 2 
 3 
In order to estimate the MRIO system in Eq. [8] information is required on 4 
 the direct imports to final consumption in the local economy/country, s, broken down 5 
by commodity and country of origin (to derive the elements of 
r,s
y  for each external 6 
region, r, from which imports are drawn) 7 
 the imports used as intermediate inputs for each local industry in economy/country s, 8 
broken down by commodity and country of origin, r (to derive the elements of
rs
A ) 9 
 an input-output table for each country from which imports are drawn (to determine the 10 
elements of the inter-regional trade component, 
rs
-A , of the partitioned inter-regional 11 
Leontief inverse,  
-1
I - A , in order to determine multiplier effects in the exporting 12 
country, r).  13 
The input-output tables from each of the exporting countries, r, would themselves need to 14 
have the following characteristics: 15 
 a sector mapping (i.e. a matrix that maps, or re-classifies sector i in the exporting 16 
country, r, into sectors i in each of the importing nations, s)  17 
 a comparable set of input-output coefficients for resource use (i.e. for each sector i  18 
there must be a coefficient ki  within the matrix   showing the average direct 19 
resource intensity for resource k  of producing one unit of output)  20 
 equivalent input-output data to track direct and indirect imports from all other 21 
countries that the exporting country, r, trades with.  22 
Moreover, in so far as each exporting country, r, imports from other countries not already 23 
included in the analysis, these too would need a full set of compatible input-output and 24 
resource-use accounts plus detailed import information.  25 
Unless the economy under consideration had extremely limited trade links, an inter-26 
regional world input-output table that is consistently nationally and sectorally 27 
disaggregated would be required. This system would have to be augmented with an 28 
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associated set of resource use accounts. Such a database is not available at present.
9
 Thus, 1 
there are three basic problems that have so far prevented the application of a full inter-2 
regional framework of the type described above. The first is data availability, mainly in 3 
terms of flows of traded commodities between sectors in different countries. The second 4 
is reconciliation of data from different sources in different countries. The third is 5 
computability, particularly in terms of balancing conflicting data. Full discussions of 6 
these issues of the challenges involved in applying multi-region input-output frameworks 7 
can be found in Lenzen et al (2004) (see also Peters and Hertwich, 2006b).  8 
 9 
6. Conclusions 10 
This paper has argued that adopting a multi-region input-output accounting approach is 11 
the most appropriate method of calculating Ecological Footprints. In Part 2 of this paper 12 
(Wiedmann et al, submitted) we review existing applications of input-output techniques 13 
to estimate the environmental impacts embodied in trade. However, we have argued that, 14 
while empirical work of any kind, and particularly when it involves examining inter-15 
sectoral, inter-regional and international interdependencies is fraught with information 16 
problems, meaning that short-cut methods are often employed. The nature and 17 
implications of simplifying assumptions adopted are often not made explicit.  18 
Our motivation in this paper is that only by making explicit what we want to do, can we 19 
make systematic and transparent decisions about what short-cut methods should be 20 
applied in practice.  21 
For example, from the exposition of the inter-regional method in Section 4, we can see 22 
which data are required: the Ars local and traded input-output coefficient matrices (to 23 
allow us to derive the inter-regional Leontief inverse,  
-1
I - A ), the   matrices (to 24 
convert these into resource-use multiplier matrices) and the sectoral output and final 25 
consumption vectors, x and y respectively. At the start of this section we have detailed 26 
the implications in terms of actual data components required. In the absence of any one of 27 
these for a given case, we can make and explain systematic and transparent decisions over 28 
whether these should be estimated (for example see Allan et al, 2004). In the absence of 29 
                                                 
9
  McGregor et al (2004b) encounter difficulties even in constructing a 2-region framework for 
Scotland and the rest of the UK.  
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data for individual regions or countries decisions can be made explicitly over whether 1 
proxy data should be drawn from other economies with similar economic structures, 2 
technology etc, or whether using an appropriate large country to proxy for a trading block 3 
is suitable. For example, as argued in Section 3, in the Bicknell et al (1998) study it 4 
would have been better if it were assumed that imports were produced using technology 5 
present in a large or closely linked trading nation like the US or Australia, rather than 6 
assume all countries share the same technology as New Zealand.    7 
However, in the last few years data availability has become better and more 8 
comprehensive due to improvements in input-output databases (Dimaranan and 9 
McDougall, 2005; Yamano and Ahmad, 2006.) and trade data and models (Eurostat, 10 
2003; Pain et al., 2005) and environmental accounts (United Nations, 2003). Therefore, it 11 
can be expected that more comprehensive and robust techniques for estimating Ecological 12 
Footprints will be developed in the near future. Our recommendation is that such 13 
developments should be made with a view to full application of the multi-region input-14 
output approach detailed in this paper. 15 
 16 
7. Acknowledgements 17 
Turner acknowledges the support of the UK EPSRC (Grant Reference Res-342-25-0002) 18 
as part of the Supergen Marine Consortium. Barrett and Wiedmann acknowledge the 19 
support of the UK Department for Environment, Food and Rural Affairs as part of the 20 
Sustainable Consumption and Production science programme. We would like to to thank 21 
Dr Glen Peters from the Norwegian University of Science and Technology in Trondheim 22 
for very detailed and helpful comments on the manuscript.  23 
24 
 Page 16 
References 1 
Allan, G., McGregor, P.G., Swales, J.K, and Turner, K.R. (2004b), ‘Construction of a 2 
multi-sectoral inter-regional IO and SAM database for the UK’, mimeo, 3 
Strathclyde Discussion Papers in Economics, No. 04-22.  4 
Allan, G., Hanley, N.D., McGregor, P.G., Swales, J.K. and Turner, K.R. (2007) 5 
Augmenting the Input-Output Framework for “Common Pool” Resources: 6 
Operationalising the Full Leontief Environmental Model, forthcoming Economic 7 
Systems Research, 19 (2007). 8 
Barrett, J., Birch, R., Cherrett, N., Wiedmann, T., 2005. Reducing Wales’ Ecological 9 
Footprint – Main Report. Stockholm Environment Institute, University of York; 10 
published by WWF Cymru, Cardiff, UK; March 2005. 11 
http://www.walesfootprint.org.  12 
Bastianoni,S., Pulselli,F.M., and Tiezzi,E., 2004. The problem of assigning responsibility 13 
for greenhouse gas emissions. Ecological Economics, 49:253-257 14 
Bicknell, K.B., Ball, R.J., Cullen, R. and Bigsby, H.R., 1998. ‘New Methodology for the 15 
Ecological Footprint with an Application to the New Zealand Economy’, 16 
Ecological Economics, vol. 27, pp. 149-160. 17 
Birch, R., Barrett, J., Wiedmann, T., 2004. Exploring the consumption and related 18 
environmental impacts of socio-economic groups within the UK. 19 
InternationalWorkshop on Sustainable Consumption, School of the Environment, 20 
University of Leeds; 5/6 March. 21 
http://www.env.leeds.ac.uk/~hubacek/leeds04/call.htm. 22 
Dimaranan, Betina V. and McDougall, Robert A., 2005. Global Trade, Assistance, and 23 
Production: The GTAP 6 Data Base. Dimaranan, Betina V. and McDougall, Robert 24 
A. Purdue University, Center for Global Trade Analysis. 25 
Eder, P. and Narodoslawsky, M., 1999. ‘What environmental pressures are a region’s 26 
industries responsible for? A method of analysis with descriptive indices and input-27 
output models’, Ecological Economics, vol. 29, pp. 359-374. 28 
Eurostat (2003) ‘International trade in services 1992–2001’, Compilation Guide, 29 
European Commission, Office for Official Publication of the European 30 
Communities, Luxembourg. 31 
FAO, 2005. FAOSTAT. Food and Agriculture Organization, Statistical Databases, Rome. 32 
http://faostat.fao.org 33 
Ferng, J.J., 2001. Using composition of land multiplier to estimate Ecological Footprints 34 
associated with production activity. Ecological Economics, 37:159-172. 35 
 Page 17 
Ferng, J.J., 2002. ‘Toward a scenario analysis framework for energy footprints’, 1 
Ecological Economics, vol. 40, pp. 53-69. 2 
Ferng, J.J., 2003. Allocating the responsibility of CO2 over-emissions from the 3 
perspectives of benefit principle and ecological deficit. Ecological Economics, 4 
46:121-141 pp. 5 
Flegg, A.T., Webber, C.D. and Elliot, M.V., 1995. ‘On the appropriate use of location 6 
quotients in generating regional input-output tables’, Regional Studies, Vol.29, 7 
No.6, pp547-561. 8 
GFN, 2005. National Footprint Accounts, national summary data sheets. Global Footprint 9 
Network. 10 
http://www.footprintnetwork.org/gfn_sub.php?content=national_footprints 11 
Gretton, P. and P. Cotterell, 1979. The RAS method for compiling input-output tables - 12 
Australian Bureau of Statistics experience. Eighth Conference of Economists, La 13 
Trobe University. 14 
Harrigan, F.J., McGilvray, J.W. and McNicoll, I.H., 1980a. ‘Simulating the structure of a 15 
regional economy’, Environment and Planning A, 12(8): 927-936 pp. 16 
Harrigan, F.J., McGilvray, J.W. and McNicoll, I.H., 1980b. ‘A comparison of regional 17 
and national technical structures’, Economic Journal, 90(360): 795-810 pp. 18 
Hayami H, Kiji T 1997. An input-output analysis on Japan-China environmental 19 
problem: compilation of the input-output table for the analysis of energy and air 20 
pollutants. Journal of Applied Input-Output Analysis 4: 23-47. 21 
Hayami H, Nakamura M, Asakura K, Yoshioka K 1999. The emission of global warming 22 
gases: trade between Canada and Japan. In: Canadian Economics Association 23 
Annual Meeting: University of Toronto, Canada. 24 
Hoekstra, R. and Janssen, M.A., 2006. Environmental responsibility and policy in a two-25 
country dynamic input-output model. Economic Systems Research, 18:61-84. 26 
Hubacek, K. and Giljum, S., 2003. Applying physical input-output analysis to estimate 27 
land appropriation (Ecological Footprints) of international trade activities. 28 
Ecological Economics, 44:137-151. 29 
Isserman, A.M., 1980. ‘Estimating export activity in a regional economy: a theoretical 30 
and empirical analysis of alternative methods’, International Regional Science 31 
Review, Vol.5, No.2, pp155-184. 32 
Kondo, Y., Moriguchi, Y. and Shimizu, H., 1998. CO2 Emissions in Japan. Influences of 33 
Imports and Exports, Applied Energy 59:163-174. 34 
Lenzen M 1998. Primary energy and greenhouse gases embodied in Australian final 35 
consumption: an input-output analysis. Energy Policy 26: 495-506. 36 
 Page 18 
Lenzen M., Pade L-L and Munksgaard J, 2004. CO2 multipliers in single-region and 1 
multi-region input-output models, Economic Systems Research, 16 (4), 391-412  2 
Lenzen, M. and Murray, S.A., 2001. ‘A Modified Ecological Footprint Method and its 3 
Application to Australia’, Ecological Economics, Vol.37, pp. 229-255. 4 
Lenzen, M., Wackernagel, M., Lauck, B., Wermer, P., 2005. The Ecological Footprint of 5 
the State of Victoria. University of Sydney, Global Footprint Network and 6 
Environment Protection Authority, Victoria. http://www.epa.vic.gov.au/eco-7 
footprint. 8 
Leontief, W., 1970. ‘Environmental Repercussions and the Economic Structure: An 9 
Input-Output Approach’, Review of Economic Statistics, vol.52, pp.262-277. 10 
Machado G, Schaeffer R, Worrell E 2001. Energy and carbon embodied in the 11 
international trade of Brazil: an input-output approach. Ecological Economics: 12 
submitted. 13 
McCann, P. and Dewhurst, J.H.Ll., 1998. ‘Regional size, industrial location and input-14 
output expenditure coefficients’, Regional Studies, Vol.32, No.5, pp435-444. 15 
McDonald, G.W. and Patterson, M.G., 2003. Ecological Footprints of New Zealand and 16 
its Regions, 1997/98. Technical Paper, Environmental Reporting, Ministry for the 17 
Environment, Wellington, New Zealand, September 2003. 18 
http://www.mfe.govt.nz/publications/ser/eco-footprint-sep03/html or via 19 
http://www.environment.govt.nz. 20 
McDonald, G.W. and Patterson, M.G., 2004. Ecological Footprints and interdependencies 21 
of New Zealand regions. Ecological Economics, 50:49-67. 22 
McDonald, G. W., Forgieb, V. E. and MacGregora, C., 2006. Treading lightly: 23 
Ecofootprints of New Zealand's ageing population. Ecological Economics, 56(3): 24 
424-439 pp. 25 
McGregor, P.G., McNicoll, I.H. Swales J.K. and Turner K.R. (2001), ‘Who Pollutes in 26 
Scotland? A Prelude to an Analysis of Sustainability Policies in a Devolved 27 
Context’, Fraser of Allander Institute, Quarterly Economic Commentary, 26(3): 23-28 
32 pp. 29 
McGregor, P.G., Swales, J.K. and Turner, K., 2004a. ‘The environmental 'trade balance' 30 
between Scotland and the rest of the UK: an inter-regional input-output and SAM 31 
analysis’, mimeo, Strathclyde Discussion Papers in Economics, 04-21.  32 
McGregor, P.G., Swales, J.K. and Turner, K.R., 2004b. ‘An Input-Output Based 33 
Alternative to ‘Ecological Footprints’ for Tracking Pollution Generation in a Small 34 
Open Economy’, mimeo, Strathclyde Papers in Economics, 04/04.   35 
Miller, R.E. and Blair P.D. , 1985. Input-Output Analysis: Foundations and Extensions, 36 
Prentice-Hall.    37 
 Page 19 
Minx, J., Baiocchi, G., Barrett, J., and Wiedmann, T., 2006. Let’s get physical! About the 1 
relevance of physical information in an input-output format. Physical Information 2 
in Input-Output Analysis, 2006 International Input-Output Conference, 26-28 July 3 
2006, Sendai, Japan 4 
Monfreda, C., Wackernagel, M. and Deumling, D., 2004. Establishing national natural 5 
capital accounts based on detailed ecological footprint and biological capacity 6 
accounts. Land Use Policy, 21:231–246. 7 
Mongelli, I., Tassielli, G., and Notarnicola, B., 2005. Global warming agreements, 8 
international trade and energy/carbon embodiments: an input-output approach to 9 
the Italian case. Energy Policy, In Press, Corrected Proof.  10 
Munksgaard, J. and Pedersen, K.A., 2001. CO2 accounts for open economies: producer 11 
or consumer responsibility? Energy Policy, 29:327-334 pp. 12 
Office for National Statistics (2002), ‘Methodologies for Estimating the Levels of 13 
Atmospheric Emissions arising from the Production of Goods Imported into the 14 
UK’, Report of a project undertaken by the Office for National Statistics, London.  15 
Pain, N., Mourougane, A., Sédillot, F., and Le Fouler, L., 2005. The New OECD 16 
International Trade Model, 2005. ECO/WKP(2005)27, Economics Department 17 
Working Papers No.440. 2005. Paris, Organisation for Economic Co-operation and 18 
Development (OECD). Economics Department Working Papers. 19 
Peters, G.P. and Hertwich, E.G., 2006a. The Importance of Imports for Household 20 
Environmental Impacts. Journal of Industrial Ecology, 10:89-109. 21 
Peters, G.P. and Hertwich, E.G., 2006b. The Application of Multi-Regional Input-Output 22 
Analysis to Industrial Ecology: Evaluating Trans-boundary Environmental 23 
Impacts. In: S.Suh (Editor), Handbook on Input-output Economics for Industrial 24 
Ecology; Springer, Dordrecht, forthcoming. 25 
Proops, J.L.R., Atkinson, G., Schlotheim, B.F., and Simon, S., 1999. International trade 26 
and the sustainability footprint: a practical criterion for its assessment. Ecological 27 
Economics, 28:75-97 28 
Richardson, H.W., 1985. ‘Input-output and economic base multipliers: looking backward 29 
and forward’, Journal of Regional Science, Vol.25, No.4, pp607-661. 30 
Round, J. I., 1983. "Non-survey techniques: a critical review of the theory and the 31 
evidence." International Regional Science Review 8(3): 189-212. 32 
Sánchez-Chóliz, J. and Duarte, R., 2004. CO2 emissions embodied in international trade: 33 
evidence for Spain. Energy Policy, 32:1999-2005 pp. 34 
Schaeffer R, Leal de Sá A 1996. The embodiment of carbon associated with Brazilian 35 
imports and exports. Energy Conversion and Management 37: 955-960. 36 
 Page 20 
Tarancon, M. and P. Del Rio, 2005. "Projection of input-output tables by means of 1 
mathematical programming based on the hypothesis of stable structural evolution." 2 
Economic Systems Research 17(1): 1-23. 3 
Task Force on National Greenhouse Gas Inventories, 1996. Revised 1996 IPCC 4 
Guidelines for National Greenhouse Gas Inventories - Reporting Instructions 5 
(Volume 1). Institute for Global Environmental Strategies, Intergovernmental 6 
Panel on Climate Change - IPCC National Greenhouse Gas Inventories 7 
Programme, Report, http://www.ipcc-nggip.iges.or.jp/public/gl/invs4.htm  (Tokyo, 8 
Japan). 9 
Turner, K.R., 2003. ‘A Pilot Study on Constructing a Scottish Sectoral CO2 Emissions 10 
Account’, Fraser of Allander Institute, Quarterly Economic Commentary, vol. 28, 11 
no. 3, pp. 43-51. 12 
Turner, K.R., 2006. The Additional Precision Provided by Regional-Specific Data: The 13 
Identification of Fuel-Use and Pollution Generation Coefficients in the Jersey 14 
Economy, Regional Studies, 40(4): 347-364. 15 
UN Comtrade 2005, UN Commodity Trade Statistics Database, UNDESA – United 16 
Nations Department of Economic and Social Affairs – Statistics Division, New 17 
York. http://unstats.un.org/unsd/comtrade 18 
United Nations, 2003. Handbook of National Accounting: Integrated Environmental and 19 
Economic Accounting 2003. United Nations; European Commission; International 20 
Monetary Fund; Organisation for Economic Co-operation and Development; 21 
World Bank. 22 
van der Linden, J.A. and Oosterhaven J., 1995. European Community intercountry input-23 
output analysis: construction method and main results for 1965-85. Economic 24 
Systems Research 7(3), 249-269. 25 
Wackernagel, M. and Rees W., 1996. Our Ecological Footprint: Reducing Human Impact 26 
on the Earth, New Society Publishers, Canada. 27 
Wackernagel, M., Monfreda, C., Moran, D., Wermer, P., Goldfinger, S., Deumling, D., 28 
Murray, M., 2005. National Footprint and Biocapacity Accounts 2005: The 29 
underlying calculation method. Global Footprint Network, Oakland CA, May 25, 30 
2005. http://www.footprintnetwork.org. 31 
Weisz, H. and Duchin, F., 2006. Physical and monetary input-output analysis: What 32 
makes the difference? Ecological Economics (in press, corrected proof).   33 
Wiedmann, T. and Lenzen, M., 2007. On the conversion between local and global 34 
hectares in Ecological Footprint analysis. Ecological Economics, in press 35 
Wiedmann, T., Lenzen, M., Turner, K. and Barrett, J. Submitted. Examining the Global 36 
Environmental Impact of Regional Consumption Activities - Part 2: Review of 37 
 Page 21 
input-output models for the assessment of environmental impacts embodied in 1 
trade; submitted for publication in Ecological Economics   2 
Wiedmann, T., Minx, J., Barrett, J., and Wackernagel, M., 2006. Allocating ecological 3 
footprints to final consumption categories with input-output analysis. Ecological 4 
Economics, 56:28-48 pp. 5 
WWF, 2006. Living Planet Report 2006, World-Wide Fund for Nature International 6 
(WWF), Zoological Society of London, Global Footprint Network. WWF, Gland, 7 
Switzerland. http://www.panda.org/livingplanet. 8 
WWF-UK, 2006. Counting consumption – CO2 emissions, material flows and Ecological 9 
Footprint of the UK by region and devolved country; SEI - University of York, 10 
CURE - University of Manchester and WWF-UK, Godalming, UK; 11 
www.ecologicalbudget.org.uk 12 
Wyckoff, A.W. and Roop, J.M., 1994. The embodiment of carbon in imports of 13 
manufactured products: Implications for international agreements on greenhouse 14 
gas emissions. Energy Policy, 22:187-194   15 
Yamano, N. and Ahmad, N., 2006. The OECD's Input-Output Database - 2006 Edition. 16 
STI Working Paper 2006/8. Organisation for Economic Co-operation and 17 
Development (OECD), Paris, France 18 
